The theory of lubrication of a radial sliding bearing is extended to three cases: the shaft neck rotation and bush rotation bearing, the rotating load bearing, and the floating sleeve bearing. For the bearing with rotating shaft neck and rotating bush, fixing the observer at the bushing can enable the determination, in a simple and more accurate manner, of the bearing capacity of the bearing with the rotating load. As long as a rotating load exists, whirl exists; if the shaft rotation speed is 2 times the load rotation speed, then the eccentricity reaches the maximum.
Introduction
The theory of the lubrication of a radial sliding bearing introduces theories for a fixed bush, shaft neck rotation and/or revolution (Wen & Huang, 2008; Sfyris & Chasalebris, 2012; Santos et al., 2012; Kasolanga et al., 2012) , but is inadequate for modeling the other complex conditions (Wang et al., 2004; Li et al., 2005; Wang et al., 2010; Tian et al., 2011; Tian et al., 2012; Yu et al., 2013) . In this paper, the theory of continuous oil film lubrication of a radial sliding bearing will be extended to three cases: the shaft neck rotation and bush rotation bearing, the rotation load bearing, and the floating sleeve bearing.
Basic assumptions
1) The volume force is ignored.
2) The inertial force is ignored.
3) The fluid has no sliding on the interface. 4) No pressure is changed in the direction of the thickness of the lubricating film.
5) The radius of curvature of the rotation component surface is relatively large compared with the oil film thickness.
6) The lubricant is a Newtonian fluid.
7) The compressibility of the lubricant is ignored.
8) The flow is laminar flow, and there is no eddy flow or turbulent flow in the oil film.
9) The viscosity along the thickness of the lubricating film is not changed.
10) The influence of pressure and temperature on the oil viscosity is ignored.
Although the author recognizes that neglecting the lubricant compressibility can lead to the obvious error or mistake that the shaft neck center and the bush center lie on the same horizontal line while carrying a vertical load, the author is not yet able to deduce the lubrication theory for a compressible lubricant. Figure 1 shows the shaft neck with a fixed load rotating in the bush. In this figure, the bush is fixed, and the shaft neck rotates clockwise. The Reynolds equation and the Sommerfeld boundary conditions are used to solve the dynamic pressure distribution in an infinitely long bearing, and then, the bearing capacity is calculated (Wen & Huang, 2008) . (Wen & Huang, 2008) The Reynolds equation of the infinitely long bearing represented by polar coordinates is
Existing Theory of Lubrication of an Infinitely Long Radial Sliding Bearing Dynamic

Dynamic Pressure Distribution
where
Because the gap is very small, Anti-symmetric to π = θ , i.e., negative pressure area is formed in the divergence area.
The absolute pressure of the entire region can be greater than zero by adjusting the static pressure value to avoid evaporation. (Wen & Huang, 2008) The load component y W in the direction vertical to line of centers is
Load
Using partial integration of the formula, we obtain 
Therefore, the axis track solved by the Sommerfeld boundary condition is a straight line vertical to the direction of load W . Apparently, this conclusion is not true. When considering the compressibility of the lubricant, the shaft neck center should be at the lower left of the bush center.
Dynamic Pressure Distribution and Bearing Capacity when Shaft Neck and Bush are Simultaneously Rotating
Figure 2. The shaft neck and bush are simultaneously rotating
In Figure 2 , the shaft neck and bush are simultaneously rotating. Now that the shaft neck center and the bush center are on the same horizontal line based on the above calculation, these two centers are drawn on the same horizontal line. The other quantities are the same as those in Figure 1 .
Both the dynamic pressure and the load produced in the following two conditions can be proven to be the same:
(1) when the shaft neck does not rotate, the bush rotates with the angular speed of ω ; (2) when the bush does not rotate, the shaft neck rotates with the angular speed of ω . Therefore, the dynamic pressure and the bearing capacity when the shaft neck and bush rotating at the same time are the algebraic sum of these two simple conditions.
Dynamic Pressure Distribution
( ) 
As shown in Equation (8) and Equation (9), when the angular speed Ω of the bush and the angular speed ω are equal in value but opposite in directions, both the dynamic pressure and the bearing capacity are zero. 
Dynamic Pressure Distribution and Bearing Capacity of a Bearing with a Rotating Load
Figure 3. Rotating load bearing Figure 2 shows the situation in which the shaft neck does not revolve, the shaft neck and bush rotates, and the observer does not move relative to the load. If the observer stands on the bush, then it becomes the rotating load bearing. At this time, the entire figure in Figure 2 rotates with Ω − , as shown in Figure 3 . In Figure 3 , the bush does not rotate, the angular speed of shaft neck is Ω − = ω ω 2 , and the rotary angular speed of the load is Ω − . Because the pressure distribution and bearing capacity do not change with the observer position, substituting Ω + = 2 ω ω into Equation (8) and Equation (9), we can obtain the dynamic pressure distribution and the load of the rotating load bearing. In this figure, the bush is fixed, and the shaft neck rotates clockwise and revolves in the anti-clockwise direction. 
Dynamic Pressure Distribution
The result of Equation (11) is the same as that of the Equation (4-64) in the literature (Wen and Huang, 2008) , but the deduction process in this paper is simple and convenient and does not require the precondition of θ cos 2 / << R e .
As shown in Figure 3 and Equation (11), as long as there is a rotating load, vortex motion of the shaft neck occurs, which is the inevitable result of the rotating load. The vortex motion frequency is exactly the same as that of the rotating load; when the load rotation direction is the same as that of the shaft neck and the rotation speed of the shaft neck is twice of that of the load, the eccentricity reaches the maximum value. , there are still three equations but four unknown quantities. Therefore, either the angular speed Ω of the floating sleeve is given or a supplementary equation should be established (Wang et al., 2004) .
Dynamic Pressure Distribution and Bearing Capacity of the Floating Sleeve Bearing
Conclusions
1) The theory of continuous oil film lubrication of a radial sliding bearing was extended to three conditions: both the bush and the shaft neck rotating; the load rotating; and a sliding bearing with a floating sleeve.
2) The bearing capacity of the bearing with rotating load can be determined in a simple and accurate manner when the observer is fixed on the bush of the bearing with bush and shaft neck both rotating.
3) The shaft neck will cause vortex motion as long as there is a rotating load. The maximum eccentricity appears when the load rotation direction is the same as that of the shaft neck and the rotation speed of the shaft neck is twice that of the load. Figure 2 , the load in Figure 3 , or the sleeve in Figure 4 ω angular speed of the shaft neck SI Units are used.
